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ABSTRACT 

A quality assurance program is outlined that could be 
employed during the development of prenarrated souna/s4.ide 
instructional packages. The characteristics described were selected 
to be botht (1? important to instruction and (2) capable of being 
measured objectively. These criteria were selected in order to 
develop a program that would be suitable for incorporation into 
contracts where a training program would be developed by a commercial 
agency and delivered to a United States Air Force training base. It 
is recommended that the procedures also be incorporated into programs 
in which the instructional material is being developed in-house. 
Particular attention is paid to the essentiality of being able to 
update and revise the training programs. (Author/EMH) 
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SUMMARY 



Problem 



The use of prenarrated slide sequences in training programs is becoming common withm many DoD 
agencies. These are particular!) prevalent in learning centers and other individual instruction situations. 
Whether developed locally or obtained through a contractual effort, there is a need to institute quality 
assurance programs to verify that the physical quality of the visuals and recording are adequate to convey 
the instructional content. 



Approach 

While good physical quality will not overcome poor content, poor photography and recording can 
interfere with the presentation of content in even the best training program. AFM 50-2 is intended to assure 
acceptable content; this publication suggests a procedure to assure ihat the visuals and recordings are 
adequate to present that content. Particular attention is paid to production techniques that facilitate 
updating and revision of programs. 

f 

Results 

A series of inspections and tests*^are described that can be employed to objectively evaluate some of 
the more relevant parameters of visuals and recordings. Parameters evaluated include the format of the 
visuals as well as the density, color balance, contrast ratio, cropping, and resolution of the resultant slides. 
The recorded narrative material is evaluated in terms of frequency response, distortion, and noise. The 
control impulses are evaluated in terms of frequency, duration, shape, and amplitude. All evaluations are 
based on objective measurements that are repeatable and do not require extensive training. Wlule two test 
instruments are required, interim procedures are suggested that may be employed until such instrumenta- 
tion is obtained. 

Discussion 

The intent of this publication is to outline one quality assurance program that could be employed 
during the development of prenarrated sound/slide instructional packages. T!ie characteristics described 
were selected to be both, (a) important to instruction and (b) capable of being measured objectively. These 
criteria were selected in order to develop a program that would be suitable for incorporation into contracts 
where a training program would be developed by a commercial agency and delivered to a USAF training 
base It is recommended that the procedures also be incorporated into programs in wliich instructional 
material is being developed in-house. Particular attention is paid to the essentiality of being able to update 
and revise the training programs. 
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Ql Al ITY ASSI KANCI i)\ MI DIA 1)1 VICI S ANDCOURSI WAR!- 



I. IMRODU HON 

Al tlK' present iniK. I'SAI jiul t)thci DoD .igciuics aic discloping hJimiig piotir^tins th.ii include 
prcuaiiJted siuinil/shdc o\ picnjiuilcd lilinship packages. The nUent ul this publicalion is to oiillme one 
ijuaht> assurance prugiaiii tliat could be eiiiplt)\ed duiing the developiueiit ot lliese packages The diarac 
tenstKS described were selected to be both (a) important to nistruction and (b) capable ofbeing nicasuicd 
objecU\el). Tliese ciiteria were selected in oidet io develop a progiani that vvtuild be suitable for nicorpiua 
tion nito contracts where a tiaining progiain would be developed bv a ci>inineicuil iigeiicv and delivered to a 
USAT irannng base 

The inlorniation Iiere is intended io supplement sucli documents as ATM 50-2 whidi deal with 
developing tlie instiuctional packages. Thcieloie. subject matter content is not consideied in this publica 
tuHi, Attention Iiere is resliicted to evaluating si»nie i»f the plivsical cliaraderistics of the media package 
WInle gt)od p!i>sical quahtv will not overcame jioor content, [uun pholograph\ and recording can interleic 
witli llie prcsentatuin oi content in e\en tlie best Iraming [)rogijni. AI'M 50-2 is intended to assuie 
acceptable content, this publication suggests a proceduie to assme that the visuals and recordings aie 
udeipiatc to present tliat content 

Topics discussed in tills report are. 

Selection and Acceptance of Devices 

Selection and Accepta; :e of Cassettes and Tilni 

Recording and Duplication of Audio (including control impulses) 

Preparation and Duplication of Visuals 

Summary 

Appendix A" Captioned Photos Production Technique 

n. SI 1 1 ( HON \M) \a \ v\ \n(i oi di n \n s 

As a rule, mediated leJinual Irainiiig usnalK leijunes (ho p»o|ectUin o\ a shde oi filnistiip onto a lear 
piojection s*.reeu witli the advaiKe id the visuals Li>iiti oiled bv the cassette In most case's. prt»giam slop is a 
leijuircinent siiue the tiainiiig piogianis nsuallv reijuae siiulent aUivitv ol some tvpe involving Ins l;a!ids A 
review leature is desirable It must be sticsscil. I.owevei . that these au suggested aveiage ct»nditions ( aielu! 
lonsidetatioii id specific applications iiiav indicate ladicallv ililtcienl lequiienieiits. f he essential clement is 
to ulili/e tlie iristiiKluMial svsteiit deveii»pment (LSD) process {o i»btani a match between instiuc tional 
requiiements and devke capabilities 

Responsibilities of Contract Monitor 

ll the instructional progiam is io lu* pnaluced bv a LtMilia^. li»i then these elements iK'ct)me nuMe 
critical h>r the ciMitiact moniti>r lie must assure that the devices i>btained are appropriate foi I'SAI use 
fills iiKludes classritom leliabilitv and Us.ihihtv it alsi» involves maiiitainabilitv iikluding availabilit) oi 
inaiiuals, expendables aiul parts I lie initial shipment tu .i base nuist include niaiiiteiiaiice manuals and an 
assurance that trained maintenance peisunnel au on hand aiul that tlie pails leijunei! aie available. While 
tins mav sound so obvii)Us that the cvuitract inonititr inav deude to delav speatk aauni lui it. theie are 
manv devkes in i»iir inventoiv toil.iv hu whkh theie .ne lu* sjieinatks. manuals, oi leplaceiiient parts 
( osts must be anikipatevl ovei the liletiiiie i)l the instriiLlional program The devue that is Jieapest 
mitiallv mav not pntve tv) be economical over an extendeil peiiod li it L.uim»t be maintaineil 

In considering the classroom neeils paituuLir iioie sluiuUI be m.kle ol the vievvmg area rei|UiiOil (will 
ihe student niovc- ahimt) these needs vaiv cvJiiskieiabK Tlieie is un i»iie scuen that is snitahle lor all uses 
Wide angle scieons cost in tenns ol he.it. luusc. .ind eneigv llighlv ihiecli»mal scieeiis m.i> limit movement 
a I ilio woik henvh 
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To summarize, verify that all devices meet the usability requirements of the ISD analysis, the 
durability requirements of the cIai»sioom, and the maintainability requirements of the repair technicians 
The latter includes availability of parts, manuals, schematics, and test procedures. 

Functional Systems 

A consideration that needs to be emphasized repeatedly is the requirement for securing a functional 
system rather than devices. For example, if prej>entation device A is selected, can you develop and maintain 
the software? Instances are not uncommon in which organizations have obtained projectors or monitors 
without also obtaming cameras and duplicators. Presentation devices require development devices and 
thcse^ in turn, require maintenance and quality assurance devices and procedures. Only a total system 
integrated into ongoing USAF activities can function efficiently and effectively. 

Acceptance Testing 

Acceptance testmg of-devices is essential. All hardware must be tested on receipt in order to assure 
the repair and/or replacement of defective or damaged devices under the provisions of the warranty. The 
purchase price includes payment for the warranty. If it is not used, USAF is paying for something that it 
does not receive. Do not assume that a device sealed in a box is functionally acceptable. A tape recorder is a 
device that reproduces sound, not a box labeled "Recorder." You have not received a device until it is in 
working order. It is not uncommon to have more than half of a shipment defective on receipt. This is often 
true even of equipment obtained from the most reliable of manufacturers. They have little or no control 
over shipments after they leave the factory. Most manufacturers seriously appreciate hearing from you if a 
device is unsatisfactory. They need to be able to trace and correct the fault. 

Often what appears to be a fault in a device can be traced to "operator error." Obtaining assistance as 
soon as possible helps prevent material damage. Also, the real fault may be hidden or in some other part of 
the system. For example, if a recorder does not advance the slides, the fault may be in the recorder, but it 
could also be in the projector, the cables, in the tape or in the duplicator that made the tape. 

This requirement for acceptance testing is particularly true when equipment is purchased by a 
contractor for delivery to a base. 

AFHRL-TR- 74-10 1 "Acceptance Inspection for Audio Cassette Recorders," may provide a starting 
point for developing an acceptance testing program. It mubt be modified to be made compatible with 
specific situations and compatible with the base involved. 

in. sELFrriON and acceptance of cassettes and film 

Film 

If the contractor is to furnish film, the major concern would be in terms of processing requirements. 
If the USAF base is to do (he processing, then the film must be compatible with base facilities. Normally 
this wouid be E-4 processing but this can vary. The length of film that can be processed is also a considera 
tion. Many bases are equipped to process color film only in 36 exposure lengths. This is a limitation 
especially when processing large volumes of slides and particularly when dealing with filmstrip Making 
arrangements to have Aerospace Audio Visual Services (AAVS). Norton AFB, CA, do the processing should 
be considered. The film must aLo be compatible with the ligliting used. Tliis is a concern primarily in that 
not all films are available in all lengtl s. As an example, tungsten lighting is usually used in copy cameras, 
but suitable film may not be available in 36 exposure rolls. This length may be required either by the 
camera or the processor. The gamma characteristics of the film are also essential, especially if duplication is 
involved. 

Fortunately these problems are relatively easy to handle. Tliey tend to be non-recurring. Once a 
suitable film is selected, little problem will be encountered unless someone changes a procedure It is 
essential, however, to select one particular film and stick with that brand and type. What appears to be a 
minor variation to one person can be a major concern to another. If procurement obtains what appears to 
be an acceptable substitute, it may be completely unusable if it requires chemistry that is not available 
Kodak Ektachrome X 5027 in 36 exposure dayliglit cassette, Kodak Ektachrome EF Film 5242 (Tungsten) 
or Kodak Ektachrome MS Film 5256 (dayliglit) for original copy camera work, and Kodak Ektachrome 
Slide Duplicating Film 5038 for duplicates is a recommended film combination. 



Qissettes 

Tlie selection of cassettes is more dilTituIt. It sliuuld be specified that the tapes be capable of 
recording 100 thru 8kHz signal input witli I volt rnis with: 

a. less than 3dB variation plus or minus. 

b. less than 3"^ harmonic distortion of I kHz signal. 

c. less than 3dB fluctuation of I kHz continuous tone. 

d. and have at least 50dB signal to noise separation. 

•These characteristius are easily verified. Then importance is aLLcntuated since these characteristics are 
cumulative ovei the full tape-reuoid-dupliLate-play system. Any distoitlon will build up to an unaLceptabjc 
degree. The ultimate test must always be in terms of conveying information to the student, not speLifu 
meter readings ^long the way taken in isolation. 

Phystca! charactcrisncs. It would be possible to specify the physical chaiacteristics of cassettes in 
terms of guides, lolleis, tensile sticnglh of tape. etc. but it would be difficult to justify and test all of those 
One parlitulai charaLterislu that is very difluult to specify is the amount of loose oxide that tiansfcrs to 
the play head during use. Fortunately, most desirable features onJ\ape tend to go together, i.e.. a good 
quality tape that meets the rctoiding specifications given above also tends to have minimal build up. good 
tensile strength, and the like. It would appeal to be adequate to specify that the tape should be the 
equivalent of Scotch AVC-()0. 

h IS essential that an acceptable type of tape be selected initially and then used throughout the 
project. Attempting to use vaiying types of tape causes many problems in terms of bias adjustment of the 
recorders, duplication characteristics, etc. 

Storage Ca"M:s 

Some thouglit should be devoted to the selection of the cases the cassettes are stored in. If these are 
transparent, then the labeling is easier and they are less likel> to be misfilcd. Sleeve l>pe containers are 
much easiei to handle and more duiable than those with hinged lids, if possible, a container that will lu»ld 
both the cassette and the visuals should be used. Tins makes classroom administiation more m.inageable. 

I 

IV. RECORDING AND DUFLICAT^ON OF AUDIO (Including Control Impulses) 

The recorded master received should be on i;4-in. tape recorded at 71/2 ips. Halftrack recording is 
required, bach leel should be clearly labeled with the title, siibjcLt matter content, and running time A 
written copy ol the script that includes impulse notations must accompany the master and be filed with it 
The receiving base is encouraged to make a Mib-mastcM fioiii the tiue mastei but it is not recommended that 
this be required of Ihe contractor. 

Separate Track System - ANSI PH 7.4 

The separate track system defined ui ANSI FH 7.4 will be used in cassette recording. This has the 
audio inlormation recorded on the lowei track (tiacks I and 2) and the lUC tones (or control of the viaial 
advance and program stop recorded on the upi^r track (tracts 3 .md 4). Both the 1/4 iii. reel and the 
cassette are recorded for playback in one directiiui of tape travel imiIv . 

Quality Assurance Tones 

Two quality assurance tones should be recorded at the end of every master. Each tone will be 
duplicated as part of each tape so that tlie test tones are subject to the s.mie number and type of 
duplications as the nariation. These tones will be used as primary sources of qiialitv a.ssuiance specificatum 
tach tone should be between 25 and 35 seconds long. 

1,000 Hz Tone The first tone shall be I kHz verified with an electronic counter and recoided at 0 dB 
with ! volt rnis input into ladio/phoiie jack. When the master or anv duplication to and including the ones 
intendeu loi student use aie played back, this tone is used to determine speed and distortion. Speed should 
be withm 3" as determined by an electionic counter, oi (v:: if determined by an oscilloscope calibrated to 
within y.c. Neither the 2nd or 3rd harmonic should excx^ed 2"? ofsign.il. Fluttei should not exceed V' rnis 
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Signal lo noise should exceed 50 dB. When, the Mincom 6500 Recorder Test Set is available, a two mimile 
composile signal generated by it should be substituted foi the I kH^ signal. This tone should be followed 
by a 30 second interval as detailed in the 6500 operating instructions. During initial phases of a program it 
may be desirable to use both sets of signals so that quality assurance can be accomplished with either set of 
test equipment. 

White noise. The second reference tone is white noise recorded at 6 dB, or 0.58 volt mis. On play 
back, this tone is used to determine frequency response range. The required range for masters is 1 00 Hz 
thru 7 kHz. A more lenient 200 through 4 kHz could be accepted for final duplicates under certain 
conditions. The playback level should be plus or minus 3 dB within these limits. 

This range was initiajly selected as being compatible with Human Engineering Guide to Equipment 
Design by Van-Cotl and Kmkade who in turn based their recommendations on TJw Design of Speech 
Communication Systems by L. L. Bcranek. This was verified by subjective judgments while listening to 
recordings limited to various ranges. It is also compatible with equipment presently in use within USAF 
learning centers. Actual units tested do in fact have flat response from 100 thru 10 kHz. Thus, there is an 
agreement between equipment that is available, what research indicates is required, and subjective judgment 
uf requirements. The judgment was included both to update research and also to make certain it was 
applicable within conditions where it is being applied. 

Empinca! data. To demonstrate the necessity for requiring quality assurance on audio material, the 
two test tones described above were recorded on a cassette and then serially duplicated; i.e , a first 
generation dupe was made from the master, a second generation dupe from the first, and so on until the 
fourth generation. The fourth generation was selected since in reuHty many of the tapes in use in classrooms 
can be expected to be third or fourth generation. For example, a prime base or contractor makes a training 
sequence and sends a copy to Hq, ATC. Air. Training Command duplicates it again and sends copies to 
using bases. The using base then duplicates i( for use in the classroom. The student in the classroom is 
listening (or attempting to listen) to a third or fourth generation tape. 

The tapes mentioned above were used to generate plots on a XY plotter in order to obtain objective 
data for analysis. Figure I presents this infomiation graphically. The upper line in each graph represents 
frequency response based on white noise. The lower line indicates response to I kFlz pure tone, which 
indicates distortions and signal to noise ratio. Figure 2 presents comparable data on the same master 
duplicated on a different type and brand of duplicator. 

As portrayed in No. I of Figure 1, the signals monitored while going into the maiter were as ex- 
pected. The white noise indicated a flat response from 20 thru 10 kHz all within a band of plus or minus 
1,5 dB. The I kHz test tone indicated no detectable second harmonic and less than 0.25c third. The signal 
to noise ratio was greater than 54 dB. 

When the master cassette was played back the frequency range started to taper off at 8 kHz as Is 
typical with this recorder but was still within the plus or minus three dB limits. Second harmonic had risen 
to one percent { -^0 dB) and third to a little over two percent. Tlie signal to noise ratio was still 54 dB. The 
readings from the duplicates indicated about the same distortion and signal to noise ratio. However, the 
frequency range deteriortited dramatically. To describe it, a band was taken that included all frequencies 
that had fallen off no more than 10 dB. For descriptive purposes this was termed the "usable range " For 
the first generation duplicate this range v as 100 thm 6300 cycks which would probably be accepted The 
second generation had further deterio:dted to 150 to 5,000 cycles. The third generation had useful range of 
only 500 thru 4.500 c7clcs. The fourth indicated a useful range of only 1,500 thru 4,800 c>*cle5 which is 
well outside the limits recommended for USAF acceptance. 

Control Cues 

150 Hz and 1 kHz cues shall be used for primary control purposes. ISO Hz will be used for program 
stop, I kHz will be used for visual advance. Both frequencies sliall be plus or minus 5^. 

Duration, rise. tune, dbtortiou. Cue impluscs shall be 0,45 plus or minus 0.07 seconds in duration 
Impulses should be rectangular in form but may use up lOTc of duration in rise time to reach maximum 
amplitude. Total harmonic dbtortion of cue shall not exceed 10^. 

tmpiricat data. Figure 3 is a reproduction of oscilloscope traces made by four advance cue impulses 

Number I is the trace from an ad\»ance cue signal on an original c^sette recording generated, 
recorded, and played back on a Wolcnsak 2570AV. The reticle lines represent O.l second horizontally and 
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I volt verticall). It will be noted that this impulse was about 0.43 seconds in duration and about 5 J volts 
peak to peak in amplitude. The slope on the leading edge reflects acceptable rise time. The upper and lower 
edges are relatively flat. The trailing edge is perpendicular. 

Number 2 represents a cue signal from a duplicate cassette. This is presented to depict a "typical" 
acceptable duplicated cue impulse. 

Number 3 shows a pattern that is acceptable in all aspects except amplitude. The playback device 
might respond to this signal but it might miss it on occasion. 

Number 4 represents an unacceptable impulse. While the playback unit miglit respond to it, the 
reliability would be low. A large proportion of the unreliability seen in presentations can be traced to weak 
and/or deformed cue signals. In this instance, the required corrective action involved the duplica4or, not the 
cassette players. f 

Time between cues. The minimum time between the start of two adjacent cues will be 1.5 seconds. 
There shall be a minimum of 2 seconds and a maximum of 5 seconds between the end of a stop cue and 
subsequent recorded material. 

Recording Level-Program Audio 

It is recommended that for recording the program audio a nominal mean recording level be 3 dB 
when a 1 voh ims (2.8 volt peak to peak) input results in 0 dB on the recording VU meter being ased. 

Qte Signals, In recording the cue signals, the recording should be such that when played back the 
resultant output measured with a calibrated oscilloscope at the sync output jack be approximately 5.7 volts 
peak to peak. Althougli tolerances of plus or minus 3 dB under ANSI PH '7.4 would allow this measurement 
to be between 4 and 8 volts, it is desirable to adjust recording level to produce a level as close as practicable 
to the 5.7 volt figures. The Wollensak 2570 AV may be used as a representative device to make data 
obtained consistent with existing material and with data obtained from the 6500 Recorder Test Set. 

i4A^5/ PH 7.4 levels. ANSI PH 7.4 recommends that program audio be recorded at '*a nominal mean 
recording level of -6dB with reference to 250 nWb/m at 333 Hz. If the contractor has the equipment 
required to use this standard it -would be acceptable. However, it will be the responsibility of the contractor 
to furnish verification procedures and equipment. *^ 

Imiial impulses. Higli speed duplicators make it difficult to control the position of narrative material 
at the very beginning of a cassette. With some of the more common duplicators, a one second delay in 
duplication requires that the student wait 16 seconds for the narrative to begin. Conversely, starting the 
duplicator even a quarter of a second too early can eliminate the full introductory sentence and also get the 
slides out of synchronization with the narrative. The Aerospace Audio Visual Service (Norton AFB) 
suggests placing an image advance impulse followed by a, program stop impulse at the beginning of each 
tape. This enables the student to place the cassette and filnistrip in the device and activate it. The two 
impulses accomplish several things. One. they verify the functioning of the equipment. Two, they advance 
the visuals to the title image which confirms the subject matter area. Tliis image can also contain a notation 
of ay materials or equipments that arc required for tha completion of the lesson. Third, this advances the 
cassette to the beginning of the actual instructional narrative so that the instruction starts immediately after 
the student depresses the start button. This suggestion should be followed. No matter how much care is 
taken in duplicating cassettes, between the 8 to 10 second leader aiid the music or blank tape tliat must be 
Icf^t to avoid omissions due to duplication, there is a very annoying wait for the instruction to start. With 
these Impulses, at least the student could attend to something else while the recorder is running in to the 
impulses. 

AFHRL/TT Assistance. 

Jf the initial shipment of tapes is received prior (o the establishment on the hn^e of a quality 
assurance section with adequate test and evaluation equipment, it may be possible to have samples tested 
by Technical Training Division, Air Force Human Resources Laboratory (AFHRL/TTT). If^o, it would be 
desirable to contact this organization to make specific arrangements. Point <?f contact: 
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Lowry AFB. CO 80230 

or 304-2954 (AV 926-2954) 

Duration of Quality Assurance Program 

Tlie quality assurance program sliould continue througliout tlie life of tlie training program Conse- 
quently, all comract requirements sliould result in deliverable equipment, material, and procedures tliat can 
be utilized on a continumg basis. For example, the quality should also be assured of all tapes duplicated by 
the base after the expiration of the contract. To expedite this, the procedures required can be performed 
using the Model 6500 Recorder test Set developed under governmem contract by the Mincom Division ol 
3M Company. This device should be made available to base quality assurance personnel either as part of the 
contract or as GFE. It is available und^r GSA Contract F05600.75.85950. The calibration of tins device has 
been specifically modified to meet the USAFuses of prenarrated cassettes in iiistmctional as contrasted to 
research, situations. To obtain this modification. Specify Part No. 6500-000040. Catalog No. 83.5990. 
1651 The specifically calibrated unit provides for three levels of quality assurance. Level A is the minimal y 
acceptable duplicate cassette. Level B is compatible with requirements for cassette masters. Level C would 
be compatible with l/4-in. reel masters. Our DoD instructional model has the characteristics as shown in 
Table I : , 

Table I. ModeJ.6500 Recorder Test Set Characteristics 



Rtcorikr Typ« 



Function 


A 




B 


c 


Output 


1 V RMS 




1 VRMS 


1 VRMS 


Level 
(Input) 


1 VRMS 




1 VRMS 


1 VRMS 


Low Frequency 


200 Hz 




100 Hz 


50 Hz 


Higli Frequency 


4 kHz 




6.3 kHz* 


10 kHz 


Distortion 


37c 




3% 


3% ' 


Flutter 


0.3 57f RMS 




0.35% RMS 


0.25% RMS 


Sigjial-lo-Noisc 


45 dB 




45 dB 


45 dB 


* nus IS ihc "Azinuitli Set" Ircqucncy. Azimuth may be verified as follows while reproducing a "6-3kIlz standard 
../nnut t!i;''' into(.hu 6500 seleet' Recorder Type "B" and "III 1" and adjust the "REFERENCE SET" c6ntrol for a 
imd scale readins on ihc meter ihen adjust (per ilie recorder ni.inufacturer's manual) head azimuth for a peak reading on 
the inoler. lliis procedure gives a common azin.uth reference for all recorders and minimizes machincto-machinc errors 
that can cause severe loss of high frequencies when inter-clianging tapes. 



V. PREPARAT16n and DUPLICAtlON OF VISUALS 

All visuals Should be delivered as "Captioned' Photos." (See appendix A for description 6f "Captioned 
Photo Technique") " ' 

« X 10 in. Captioned Photos f 

All visuals should be approximately 8X10 in. on card s'tock. thick enougli to avoid Curling, ^nd with 
a hori^ntal format. The image to be photographed should be located in the center of the card and sliou d 
be apprcxinialely 6 inches high and 8 inches long. Adequate bleed area should be allowed. Part cula 
attention should be paid lo aspect ratio. It is entirely possible that the first versiohs of the instruct lonal 
package will be presented in the form of 35 mm slides. These 24 X 36 mm images have a 2 X 3 aspec ratio. 
<d This requires that approximately 3/4 in. be cropped off of the top and/or bottom; i.e.. the area pliotog- 
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raphed is 54/4 X 8 inches. Classroom and production consideration:: nia> require a change to tllmstrip at a 
later date. Filmstrip has an 18 X 24 mm image or a 3 X 4 aspect ratio This requires the full 6 X 8 in. image 
be photographed. The probable change lo nimstap is albo the justification of the insistence on horizontal 
images. This ratio is also used in video and motion pictures. 

With a little forethought, the required border can be allowed. It is most important that all art be 
prepared in such a way that it can be copied either as a slide or as a filmstrip. 

Master slides. It ma> appear supernciall> thai master slides could be prepared and duplicated rather 
than the captioned photo. Our experience indicates that the card art is easier and cheaper in the long run. 
Dust and flngerprints are less bothersome with card art. Cropping and framing is much easier. Contrast and 
density are easier to control. Captioning and higli lighting with arrows and inserts are practical with caid 
art. Most important, updating is considerabi) easier. There have probabi) been more programs abandoned 
due to inabilit) to update material than for an> other single reason. Card art facilitates updating considci 
ably. The significant change here is the requirement of uniform size and format. 

If slides are accepted in lieu of card art, first genciation masters should be required. These should be 
duplicated immediatel> upon receipt at the receiving base without ever being projected. These mas(ei ^hdcb 
should be carefully preserved and used for duplication purposes only. 

Placement of photographk area. The precise M/e and placement of the area to be photographed mu^t 
be accurate enough to allow the cntuc ^equciiwe to be photographed without additional camera 6Ct ups or 
adjustments. The first image will be placed under the cop> camera. It will be positioned by guides on the 
camera or a movable jig. The camera will be focused and exposure adjustments set. All subsequent images 
within that sequence will be accomplished mercl> by inserting the next piece of card art and depressing the 
exposure button. No attention to focus» frafiiing, or exposure will be required. 

This consistenc) within a training sequence will not be required between sequences. For example, all 
of the images on the second sequence might be larger than those emplo>cd in the first sequence, howcvci, 
all within the sequence would be the same size, position, and density. 

Numbering of t istials. It is desirable that the projected image be numbered for identification and to 
aid the student in mamtaining synchronization between visuals and audio. Updating may be facilitated by 
using a series of removable numbered cards* These ;ire laid on the card art when it is photographed, then 
removed. Such numbering or other identitlcatioti should be distinctive and in the same location on all 
frames within a series to avoid confusion with subject matter material. 

Types of Visuals 

In terms of the image being photographed, this ma> be lettering or graphics. However, considerable 
use may be made of photographs sliowing objects or procedures. Man> times, black and white photos with 
colored arrows for enhancement are particularl) suitable. Man> times 4 X 5 or 5 X 7 prints may be used 
with captions summarizing the action shown. These captioned photos^are paiticularl) effective in terms of 
review and remedial instruction, especially of topics requiring step-by-step procedures. 

. Expanded desiriptiim. An expanded description of the captioned photo technique and initial ci)^t 
comparisons between it and other production tcchnique^is provided in Appendix A. 

Lettering siz^. While it is difficult or impossible to write specifications for the composition ami 
lay out of acceptable slides, there are some guides relevant to the lettering on narrative slides. Lettering 
should be limited to 6 lines, with a maximum of 26 charact'ers to a line. On the card art, the minimum 
heig)it of a letter would be 3/8 inch. One crude, but useful rule, is that all words on a slide should be 
readable with the unaided c>e. It is important that minimum letter sizes be used only when nec'cssar). Do 
not use the minimum size as a standard, it should be a minimum w^th the average lettering being consid 
erably larger. 

Types of visuals. The types of visuals and proportions of different types varies widely. The data in 
Table 2 might be used as an initial guide in most instances. (Text refers tu illustrations copied from texts ur 
other training material.) 
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Table 2. Visual Materials Pfiotograiilied 



Type Percentage of Slides Used 
PIlolOS (lO 

Text 10 
Graphics 

Typed 15 



Fihmtnp Joniiai. imimslripsare larnished b> tlie tonlractor. lliev slioiild lollow lliis patlerir 

a. The Irininiiiig of the leading edge of llie Iilni sliould be a slraiglu cut located between llie 
sproekel Iioles al OQ" willi llie edge of llie film. 

b. Tiie first b Iraiiics ol liio film siiouid iiave llie word "START" in large wiiile block tellers on a 
green background. 

c. The next frame shall be a lesl image providing for measuremeiU of density, color balance, 
con^st, resolution, and cropping (Test Card |>aragrapli). 

d. liiforiiialion ideiililying the filnisirip should appear in the three frames lollowing the '"Test" 
frame. / 

e. A foeiis and Iraimng image should be located no less than 1 2 iVaiiies from the cut leading edge 
"^r. The focus frame should include instructions about starling the program (i.e.. START TAPB 

WmmilS IMAGI- ONTHI; SCREUN.) 

g.\ The .title frame (or first iiislruclioiial Irame) will be no less than the 14lli frame from the 
leading edge of (he film.. 

h . The distance from the end title to the end of the filnisirip should be al least ecpial in length to 
the eircunilereiice ol the can in wliieb it is stored to preclude damage to the picture portion il stored 
without rewinding. 

i. The last two frames ol the film before the cut edge should liave the word "END" in large while 
block letters ai^peaiing in each frame with a red backgiound. 

Test Card 

Quality assurance ol the visuals iiia> be accomplished llirougli the use of a lest card similar (o Figuie 

4. 

The upper luulioii of llio card is a senes ol color bands used to i>orlray the 'Color .saturation of the 
slide Actually, this portion ol the slide is more for suhieclixe coiisideralions than lor objective measure- 
ment. As a result, a brightly colored image deputing the training program could be substituted, 

Croppim:. The wording across tlie'center of the slide is to give a iiieasureiiiciit of cropping. If the 
image is improperly copied, the initial Icltors will be omitted. 

Resolution. The resolution chart used here is the USAF m\ 1 X chart made for US-AF by W. and 
L h Gurley Troy. New York (The comparable NBS chart could be substituted.) When the test chart is 
pho'tograplied using a 50 mm lens with the lilin plane I') in. above the base, an adeciiiate test ol resolution 
is obtained. 

The resolution chart is divided into lour groui>s of test lines labeled 2. 1.0 and 1. Within eacli 
iiroup are sets of three Iiori/ontal and three vertical lines each set numbered 1 through (> The nieasureiiieiit 
is made by noting the finest set that api>ears to be .1 separatv in.'s This may appear to he rather subieclive 
and crude, but with practice verv reliable nieasurenicnts can be obtained in this way. A good quality -OX 
loupe is helpful in makmg the dcterminalion. However, even pr.,|ectiiig the image in a carousel can be used 
since even those relatively crude lenses will resolve images with considerably more detail than are actuaii) 
needed in mstruction. For iii.struetional purposes, the resolution of set (> in series O ls probably sufficient 
We are roulmelv Mr .u .-'ve set (> of Group 1 (the finest) on slides when using a 20X magnilier and set 4 
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of Croup I when projected in a carousel. For tontiati pur|H)scj) it h suggested tliat at least set 2 of Group I 
be required. Tliis is adequate yet well witliin tlie state of tlie art. 

GV^r scale. Tlie bottom portion of" tlie caid is a series of gra>s tliat are rouglily tlie same as tlie 1st. 
4th, 6th, Sill, and 1 1 th step dI* tlic coitvcutiiUial I } step gra> stale useTl in photography. Tlie ones on our 
card liave reflective densities ofO.O^), 0.47, 0.77, 1 .0.:, and 1 .54 respectively . tadi is also very even in terms 
of color balance averaging about 0.0! diffeiencc between wliite density ar.u icd. green, and blue densities 
(Tabic 3). The critita! features are tliat the center gray should be cut from a I8!;t gray card such as those 
obtainable from Lastman. This refleLts IHS; of the light striking it . This is another way of stating that it has 
a reflected ilensity of 0.75. This conllrms the 0.77 value in Table 2. The other grays are not as critical, and 
may be made from gray graphics material. 



Table .1 Empirically Determined Reflective Densities of Test Card 



Color of Light 






Gray Step 






V 


2 


3 


4 


s 


White 


0.09 


0.47 


0.77 


1.02 


1.54 


i^?Red 


0.09 


0.48 


0.77 


1.02 


1.52 


Green 


0.10 


0.48 


0.77 


1.01 


1.54 


Blue 


0.10 


0.52 


0.78 


1.01 


1.55 



This 18% gray,icard is central to color photography. It is used in controlling everything from the 
Kelvin temperature of Iiglits to Ihe replenishineni of the developers. It is used here to determine exposure 
(density) and color balance. 

The other critical feature is the ratio between the 2nd and 4th gray. The difference between these 
two establishes LDntrast ratio and in turn gamma. In our test card this difference Is 0.55 (die 2nd has a 
reflected density of 0.47, the 4th is 1.02). Since the densities are in logs this difference determines a ratio 

Dcmtt}, When this card is photographed and the rcMiltant slide evaluated with a digital densitometer, 
several useful measurements can be obtained m a few seconds. First, the density of the middle gray value 
should be between 1.20 and L45 if the slides are to be projected for group viewing on a front projection 
screen. For use m a carrel with a rear projection screen, dils value would hQ 1.45 through 1.70. These are 
average values for the projection system in a typical carrel. This "typical" system is considered to be an 
AF2 projector with a 250 watt ENf I lamp, one front surface or mylar mirror, and a Polacoat LS60P1 1/8 
in. screen in a ruom with 40 fc illumination on the work surface. When it is Known that the ambient light or 
projection, svstein will differ markedly from this "typical" system, Ihe values should be adjusted accord 
ingly. 

Oilor halame. The color balance i)f the slide c^aii also be determined from this \^?c gray. Tills is done 
by measuring the red, green, and blue densities. These should approximate each other but there are so many 
variables involved that you can probably anticipate Vxiriations between colors of 0.10. Any difference 
greater than 0.30 wuuld be objectionable. In a contract, the suggested limits are less than 0.20 desirable and 
' O.iO mandatory. . / 

Contrast. Tiic evaluation of contrast is equalK important but a little more dif'ficult to e.v , All 
density measurements are logarithnuc. Briefly, a slicle with a density of 0 transmits all light, one wilh a 
density of 0.30 transmits 507; of the light stiiking it, a density of 0.60 transhiits 257?, a density of O.^^O 
, transmits 12.5'/?, a density of 1.00 transmils 107^ a density ot'2.00 transmits 17?. etc. (Density is the log,o 
\iit the reciprocal of transmission). The iVlacBeth people made die digitaLdensitometCr to eliminate manual 
(neasurenients. Ytm just record the numbers on the screen. All of this is to lead up to defining "contrast 
ratio." This is the ratio between the density of a liglit gray such *Ui the second step in our gray scale and a 
ilfirker gray such as the fourth step. Since the densities arc expressed in logs, ratios arc computed by 
su^blraction rather than division. On our card, the second step luis a reflected density of 0.47 and the fourth 
a I'^^llccted density of 1.02. The difference is 0,55 which is the contrast ratio. > 

\ You iiiigli! have noticed lliat when a slide is duplicated the light parts appear Irighlcr and the dark 
parls appear darker. Aftei the third i)i fourth generation, all that is left is very dark i^iid very light colors 
The laces are chalky while and the blue unilurms appear blatk» etc. It is this increase in contrast that we are 
attempting to avoid. Gamma is used tu express this increase. If a slide reproduces densities as they exist in 
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tlie object being photographed then gamma is I.OO. If the Jifferences are diminished, then gamma is less 1. 
If the differences are accentuated, then ganuiia is greater than I. For Kodak Ektachrome X Film, gamma is 
about 1.5. This means that differences are increased. The contrast ratio of 0.55 in the test card wlicn 
photographed with Ektachrome X will give a contrast ratio of about 0.83 (0.55 X 1.5) on tlie resultant 
slide. Tn realit> this is the value we do obtain on original slides made of the test card. However, when this 
slide Is duplicated this increases to 1.25 (0,83 X 1.5). This is not objectional and in fact is often an 
improvement over the original if there are no dust marks or other defects and if flesh tones are not 
required. However, when this dupe is duplicated, the contrast ratio increases to 1.88 (1 .25 X 1.5) which is 
not acceptable. 

In (his way, we are able to control the number of times a sHde is duplicated and likewise the contrast 
ratu) within them. We require that such a test image be photographed iis the first image in ;ui> sequence. 
When this seijucncc is duplicated wc can evaluate the test slide and have objective measurements iv use. We 
require that the contrast ratio in this image be under 1.40. If different gray values are used on the test caid, 
the mathematics have to be redone but the techniqtie remains the same. 

Ilmpirkal ilala. Tabic 4 presents some empirical data to illustrate the use of the test card. 
Table 4. Data from Duplication of Test Card 

Density of 18*/*Gray Resolution 



Source of Contrast 

Reading Ratio White Red Green Blue Group Set 

Original 

Card Art 0.55 0,77 0.77 ' 0.77 078 I 6 



ginal 

Slide 0.80 1.38 1.48 1.33 K33 I 
1st Generation 

Duplicate 1.37 1.31 1.41 1.25 1.26 I 
2nd Generation 

Duplicate 2.02 1.34 1-42 1.28 K26^ I 



The interpretation would be that the .contrast ratio of the original slide was acceptable. The color 
balance is sliglitly out and it would be a little liglit for carrel use. The first generation duplicate of this slide 
would probably be accepted. Tlie second generation duplicate, however, would be rcjjected. Tlie contrast is 
toohigfi. ^ 

The 2nd generatiun duplicate was also marginal in terms of resoliitiun and unacceptable in (erm^ of 
cropping. On ihe original slides, tluec lines could be distinguished through set 6 of Gioup I , On the sccvMid 
generation dupe, this had> deteiioratcd to set 2 of Group I which is the minimum acceptable. In terms of 
cropping. Ihe initial words were cropped off of the 2nd generation duplicate. 

It IS apparent here that the unacceptable slide is unacceptable in man> ways. This is usually the case 
aiul IS «i major justification ot using sudi tests as those applied here. It is not (hat these characteristics arc 
the only impoitant ones but that they are the ones that are measurable and repeatablc. Fortunately, they 
correlate highly with other desirable characteristics that are more difficult to measure. ^ , 

Aiivptahli siatulanly On tins test image then, we require acceptable cropping as indicated by the 
wor^s iU tiie center, resolution ol Group I set 2. a density of 1.45 thru 1.70 (for individual instruction ii\ 
•cijrrcls'K and a contrast ratn) of less than 1.40. These are all objective measuieiiients that can be repeated by 
tlie'cjmiraetof or processing lab. 

AHIRLpT iiwisUma, II the initial sliipmeut of slides is received prior to the establishment on iIk 
base of a quality assurance section with adequate test and evaluation eqiiipmcnt, it may be p<issihlc lu ha\< 
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samples tested by AFHRL/TTT. If j>o, it would be desirable to contact tftjs orj^anuatioii to make specific 
arrangements. Point of contact: 

AFHRL/TT 

Lowry AFB, CO 80230 

or 394-2954 (AV 926-2954) 

V!. SUMMARY 

The following summary may be appropriate for contract purposes. 
Devices 

A routine inspection sliould be accomplislied of all devices as tliey are received. Tliis sliould include 
consideration of suitability for classroom utilization, durability under student use, and maintainability 
including manuals and parts. 

Cassettes and Film 

A standard should be selected and used consistently. It is suggested that cassettes, recorded witli a 
high quality recorder, have the capability of achieving a response of 100 througli 8 kHz within ±3 dB, and a 
signal to noise ratio of 50 dB for a I kHz signal recorded at 0 dB with I volt rms input. Harmonic distortion 
at this level should be less than 37o. Physically it should be the equivalent of Scotch AVC-60, Film should 
be the equivalent of Ektachrome X for 36 exposure daylight cassettes, Eastman 5242 or 5256 for original 
copy work, and Eastman 5038 for duplication. Suitability for USAF processing is essential. The selected 
film and tape should be used throughout the program. 

Audio 

Audio should be received on 1/4 in. masters recorded half track at 7.5 ips and accompanied by typed 
scripts that indicate impulses. Reference tones placed at the end of each tape should include 30 seconds of 
white noise and 30 seconds of 1 kHz. These should indicate a 100 through 7 kHz response range with less 
than 3% deviation in speed, less than 2% 2nd and 3rd harmonic distortion, less than 1% rms flutter, and a 
signal to noise ratio of at least 50 dB. 

Visuals 

The visual packages should be submitted in the form of 8 X 10 in. captioned photos. It should 
mclude a test chart that provides for the determination of density.and color balance of an 18% gray card, 
contrast ratio, resolution, and cropping. Values of slides made from the test card should indicate a density 
of 1 .45 through 1 .70, resolution of Group 1, Set 2, a contrast ratio less than two and one-half times that of 
the art, color balance preferably v/ithhi 0.20 and required to be within 0.30, and cropping to indicate that 
at^lcast 85% of the original art is included in the slide. 

Implementation of Program ' 

The costs of implementing a quality assurance program would depend primarily on the equipment 
and manpower available on the base. Once a program is implemented, the cost of operating it is very small; 
the savings are great. The initial equipment required specifically for this task would be the equivalent of 
Mmcom 6500, Recorder test Set and a distal densitometer such as the MACBETH T;D-504 with status A 
filter head. Each costs SI, 500 to S2,000. Both are standard laboratory apparatus and would be integrated 
with similar base equipment. No formal training of using personnel would be required nor would any 
particular AFSC be required to operate it. (It is assumed that such standard test equipment, as voltmeters 
and oscilloscopes with storage capability, are available.) 
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ANsistnnce in Stnrting 



If it IS nut possible loi tik iCLCivitig base h) liavc aqiuilil) iissitiJiKc piugiani ni opcKttion uiicii tlic 
Li)ntr*Ki is iniiiakil. auaii^Liucnts LOiilJ piohablv be niaJc uitli Otitci USAI bases tliat Jo. I oi oxaiiipk. 
airanijonionts loi at least teuipiMaiv assistance coiilJ piobablv be ssoiked out svitli AniRL'TT. Lo\\i\ 
AFBoi llirouglj AT(' witli Ti am ing Sei vices Division. Lo\vi> AI-13. 
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Al- Manual 50-2. Imlnulioiiol s\Uvin (lncl,>i>iiuiil. Washington. Department o/ tlic Air Force. 31 
December I')70. 
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APPENDIX A 



CAPTIONED PHOTOS AS A PRODUCTION TECHNIQUE 



A survey of learning centers conducted by Sullivan, Smith, and Filingcr (1974) for the USAF 
indicated that while courseware production was a major problem with most centers, few had developed 
specific techniques for such tasks as the initial preparation of visuals and the later updating or revision of 
the visuals. In general, the adoption of a learning center creates a demand for visuals that greatly exceeds 
the normal production levels. Two methqds of meeting this increased need were observed. These will be 
referred to here as "Standardized Graphics" and "Graphics with Duplicate glides." 

In such programs as the DC-10 training program done by the aircraft manufacturer, a specific graphics 
production unit was creatcJd to meet this need. The program involved only one basic topic, the crosstraining 
of DC-10 fli^it crews. This allowed the firm to design very standardized images. Specific colors, papers, and 
lettering fonts were designated for use on questions, answers, instmments. gauges, push button, etc They 
were also able to print the various instruments and dials so that the artist could create such re-occurring 
images as an altimeter by pasting a dial on a print of tlie altimeter. Every image in the final package was 
prepared on standard sized "Art Board" and then copied on 35 mm film. U is estimated that with these 
•simplifications it tbok about 3:5 man-hours to produce a visual. 

The second method of producing the visuals observed in the centers depended heavily on duplication 
of existing 35 mm slides. On the average, about 40% of the images were obtained in this way with the 
remainder being prepared graphically. Often the graphics would be created from plaster of paris o\ plastic 
letters that required lettering the graphic, photographing it, and then re-using the letters for the next 
graphic. As a result, if the image had to be rephotographed, the entire procedure had to be repeated Other 
graphics were prepared in a conventional manner but seldom was an effort made to use a uniform si/e 

While the second technique is somewhat faster and less expensive than using all graphic material, 
updatmg the program is difficult. Of the 28 learning centers visited, only two reported that they could 
routinely update a prenarrated slide program. Most reported that keeping the matefial current was a major 
problem. Even after a validated package is created, a considerable number require revision du(t to changes in 
the subject matter material, i.e.. the equipment or activity being tauglit changes requiring a parallel change 
in the training material. 

One style of preparation that holds promise in terms of ability to update or revise content is called 
"Captioned Photos." This method requires that all images be prepared on uniform 8 X 10 size card stock 
However, unlike the DC-IO system, it relies heavily on photography and makes a concerted effort to use 3^ 
mm single lens reflex cameras to generate as many of the images as possible. For example, in a step by-step 
procedure, each step is photographed using a 35 mm camera with interchangeable lenses such j;3 the 
Nikon F. These negatives are enlarged/to color or black and white prints. These prints are permanently 
bonded to a fairly heavy colored c^xC stock. By adding a few words in a caption and an arrow or circle to 
highlight essential actions or parts, images may be created that combine the economy of the photograph 
with the clarity of the graphic. Usually, about 60% of the images in an .instructional sequence can be 
prepared in this way. . 

Another 10% of the images can be prepared by photographically enlarging typed copy. This would 
include questions, crucial definitions, check list entries, and the like (Smith, Hall,& Manson, 1975). 

It IS often possible to obtain an additional \S7i of the images by copying illustrations from manuals, 
text?, forms* checklists, or other instructional material. 

Normally, there will still be about 15 to 407f of the images that arc basically graphics and must be 
drawn. Some of these can be drawn to match the si/e requirement of the 8 X 10 inch card. Other images . 
nuist be reduced or enlarged by using a copy camerp. However, all L»ranhics must be in the horizontal 
format and all must be matted on 8 X 10 card stock. 

A peg registration similar to Acme is recommended to assure ihat all visuals are properly aligned If 
overlay cells are used, the numl>er should be limited tn four and a platen glass used to hold the overlays flat 
for shooting. 

With these captioned nhotos on hand, it is \cr> casN to use them as a detailed story boafd Juunj.' 
iryoiit and revision. They must be handled with care, touching only the outside edge were a (me-inch 
border has been lelt for this purpose. The images that must be revised can he changed individually Images 
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can be inserted or deleted at will. Minor changes within the captioniiig can be done. While it is usually 
desirable to have the images numbered, the numbers can be inserted b> laying numbered tabs on the art 
during the final photography. Such number or other identification should be distinctive and in the same 
location on all frames within a series to avoid confusion with subject matter material. It is suggested that 
\\\e very bottom half inch be used for production notta. This is outside the area photographed. Any unusual 
Instructions the photographer needs can be placed on the right, A code number identifying the course, 
block, and frame shQuld be on the left. 

These procedures may be clarified by referring to Figures A-!, A-2, A-3, and A-4. They represent 
typical captioned photos matted on 8 X 10 card stock. It should be noted that it is the card stock on which 
the photo is mounted that is a standard size. The photo itself may be 8 X 10 or smaller with 4X5 and 5 
X 7 sizes bdng common. With the smaller size photos the captions are generally placed adjacent to the 
photo rather than on It. The captions are very effective in developing step-by -step procedures. Higlilighting 
or calling attention to details can readily be done by adding words, arrows, or circles to the print. Black and 
white photos on colored card stock with colored arrows or circles are particularly effective since color is 
reserved for directing attention to the essentials. Tlie black and white print is somewhat cheaper than a 
colored print and usually takes less time. However, these differences are becoming less and less as newer 
color processes are developed. If a 4 X 5 polaroid back for a view camera is available, these polaroid prints 
catt-^ftcQ^ used, especially during revisions. 

!n the final photography, the first image Is placed under the copy camera and carefully positioned in 
a holder. Tlie area i^hotographed is 5-1/4 X 8 in. to correspond to the 2 X 3 aspect ratio of a slide (24 X 
36 mm). Additional bleed area is allowed at the top and bottom so that an area 6X8 in. can be 
photographed (oi filmstrip, video, or movies. Filmstrip has 3X4 aspect ratio (18 X 24 mm). This still 
allows an ad(!itional inch on all sides to provide for handling, bleed for video, and margin notes. 

After the camera setup is complete and the holder affixed to the table, all subsequent images arc 
made withitut requiring further camera adjustment. In this way, productions can be re-shot in a minimum 
of time. Leaving the additional bleed area at the top and bottom of the area. photographed for a slide allows 
the slide ar to be used for movies, TV, or more often to generate filmstrip. If only a few copies are needed, 
multiple copies uf the filmstrip can be generated. If many copies die required it might be more economical 
to make a master and have duplicates made on a loop printer. 

The essential feature of the captioned photo technique is that all images be uniformly 4)laccd on 
standard size mats There may be some variation between lessons or packages, but within each uniformity is 
essential. The actual size is rathej arbitrary. The 8 X 10 in. was selected since it is large enough so that 
much graphic work can be done on it, yet it is small enough that 35 mm photographic negatives can be used 
rather than requiring a larger ;>:Vc. If iUc art board is purchased in standard 30 X 40 in. sheets, it may be 
desired to cut these into 71/2 X iO in. pieces to save waste. But again, within a lesson, all images are^ 
uniform. 

The captioned photo technique has many additional advantages that become apparent as the program 
grows. The first Is that it encourages the use of photogiaphic techniques in coordination with graphic 
production. The camera (especially the 35 mm SLR with built in exposure meter and interchangeable 
lenses) and the enlargei are amazingly creative tools when systematically employed. If the enlarger and 
camera are accepted as graphic tools, and photography and graphics are combined rather than being 
separated by outmoded procediiros and regulations, much time and money can be saved. 

A second advantage is that the final visuals can be duplicated with unexpected ease and quality. 
Duplicate slides can be geneiated fium the original caid ai| without the increased contrast resulting from 
slide duplication. Filmstrips can be updated by the change of individual images and re-photographed in a 
matter of minutes. The difficulty of updating filmstiip has been seriously over estimated. Successful 
duplication, however, does require standardized copy. Similarly, the difficulty of generating acceptable 
duplicate slide sequences fium slides has been seiiously imJcr estimated. In laige volume, the man-hours 
required to mount the slides and get them piopcrly arranged m trays soon becomes overwhelming. The _ 
deterioration in quality is great. 

A third advantage is that minor revisions van be made in the total sequence without a major redo. The 
Jcvelopci can louk at the finished caid art and do some final puhshipg without introducing major costs or 
delays. It is similai tw ilic diflcreiicc bciwcen a typed copy and a printed copy. You might see a statement 
111 a numual that you would like to ic wntc but it takes a lot of time and effort to change it after it has been 
printed. By contiaht. a typed duiit vun be rcvbcd quite easily. In a similai way • individual pieces of curd art 
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Figi/re A-L Basic format <Df 8 x 1 0 card. 
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can be revised mucli more readily than a completed package. All later revisions bcncru doubly from this 
ability to change, add, or subtract individual images. It is very helpful to be able to survey ihe^total 
sequence as a story board^ 

A fourth advantage ni havmg every visual image developed in the form of standard size 8 X 10 card 
art !s that it enables the development of the program in such a way that it can be produced as slides, 3^ mm 
nimstrip, 16 mm filmstrip. or 8 mm filmstrip with equal ease. The same images may serve as a final story 
board for movies or TV, In essence, you can develop the program first and select Jhe media later. You can 
also change from one medium to another at a later date with minimal additional effort. The slight 
difference in shape between slides and filmstrip is easy to compensate for. 

As a rule, 35 mm slides, are recommended as the developmental and prototype medium. They will 
also provide backup to other media. This selection is based primarlty on availability of reliable equipment, 
ease of student operation, and ease of developing and revising initial slide sequences. Later, the sheer bulk 
of the courseware materials may become a problem. At this point, a conversion to filmstrip is recom- 
mended. If the 8X10 captioned photos are used initially , this conversion will not be a major task; without 
standardized copy it is virtually impossible, largely due to the difference in filming procedures. If ten copies 
of a slide sequence are required, the slides may be generated in any order and all ten copies of each image 
are made consecutively. If in doubt, shoot an extra one or two. By contrast, in a filmstrip, image one must 
be shot first, then the second, then the third, any error and you start over from the beginning. For the 
second copy, the process is repeated. With standardized copy it is easy, otherwise it is difficult. (How long 
has it been since you shot 72 consecutive good pictures with your personal camera?) 

Sullivan's survey of learning centers revealed^liat very few centers had production costs that could he 
isolated from other operating costs. Two firms had projects large enougli that the man-hours required to 
generate the graphics could be isolated. Both firms were producing literally thousands of graphics for one 
project and had established very systematic and efficient production techniques. One reported that on the 
average it required 3.5 man-hours for the production of each graphic. The other firm instituted a technique 
to utilize less experienced personnel. This resulted in lower cnu^i per hour but required more hours. The 
costs per slide were almost identical. Bbih indicated that labor was b> far the dominant cost and suggested 
that for comparative purposes, material costs be ignored and the emphasis placed on developing the most 
efficient method in terms of manpower costs. 

There was ho evidence that the centers using a mix of graphics and duplicate slides were ablcjto 
produce the graphics in any less time. It was estimated that the duplication of slides probably tobk 
O.l hours or less. Since these centers averaged 60% graphics and 40% duplicate slides, the savings was nearly 
40%, 

When the captioned photo technique is employed, the costing is somewhat hiorc complex due to the 
variety q/ skills required. This technique relies heavily on three assumptions: (I) a 35 mm camera is used 
for shooting, (2) the production team stays together until the production is completed, and (3) the tasks 
are aimed at defined terminal objectives and, as such, are performance oriented. 

About 60% of these images consist basically of a mounted photo, usually 5 X 7 or 8 X 10. Most are 
captioned or higlilighted and virtually all are numbered. In vulume, these take about 0.3 man hours to 
produce. This is divided about equally between shooting, processing, and mounting. Captioning requires an 
additional 0.2 hours. 

About 15% of ithe images are from original graphics. These still require the 3.5 hours to draw and this 
system adds another 0.2 hours for conversion to standard size card art. 

'About 15% ar<)"tcxt" images. They are shot from illustrations in texts, from forms, or checklists, 
etc., without niajor graphic revision. These are generated on the copy camera and take about 0.2 hours ta 
shoot, process, and paste up. Most of these are black and white images. 

An additional 10% of the images can be typed, then enlarged. These would be the questions, the 
crucial definitions, etc. 

Summarizing this data and estimating for the production of 100 visuals: 

a. Standardized Graphics Technique 
Graphic time 100 X 3.5 

Total time 350 hours 
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I). Graphics witli Duplicate Slides 

Graphic time 60 X 3.5 - 2 10 hours 
SHdes 40X0.!= 4 hours 

Total time 214 hours 

c. Captioned Photo Technique 

Captioned photos 60 X 0.5 = 30 hours 
Graphics 1 5 X 3.5 = 53 hours , 

Cojiversion " 1 5 X 0.2 = 3 hours 

Typed 10 X 0.2 hours = 2 hours 

Text 15X0.2= 3 hours 

Total time 91 hours 

Field tests of the system nuliuate that these figures are »ibout as clu^e as can be expected. The lime 
required varies primarily in accordance with volume and to equipment availability. 
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